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SOME EXPERIMEICTS ON THE FLUTTER OF SWEPTBACK 
CANTILEVER WING MODELS AT MACH NUMBER 1.3 
By W. J. Tuovila 


SUMMARY 


Flutter tests of sweptback cantilever wing models have been made 
in a small intermittent two-dimensional supersonic tunnel where the 
testing technique involved changing the structural parameters so that 
the models would flutter at the tionnel design Mach number of 1.3* Data 
for 21 models covering sweep angles from 30° to 6o° and with varying 
parameters are included. 

No attempt is made to correlate the data with analytical develop- 
ments. However, reference values of flutter speed, obtained with a 
swept-wing flutter analysis based on two-dimensional incompressible 
flow, are compared with the experimental flutter speed in order to unify 
the results. The incompressible-flow flutter theory appears very con- 
servative for the 30 ° to sweptback models and is in reasonable 
agreement for the 6o° sweptback models at Mach number 1.3* Caution 
should be observed in extrapolating these data to conditions other than 
those covered in the tests. 


INTRODUCTION 


Many present aircraft and missiles are being designed with swept- 
back wings for operation at transonic speeds and the designer is faced 
with a lack of theoretical and experimental information on the flutter 
of such wings in this speed range. A few initial experiments on the 
flutter of sweptback wings in the transonic speed range have been made 
by a technique involving the use of rocket-propelled Vehicles and the 
results are reported in reference 1. 

The present paper is devoted to the presentation of a limited 
amount of experimental results on the flutter of cantilever wings with 
sweepback at Mach number 1.3. These data were obtained with the aid of 
a wind-tunnel technique making use of an intermittent supersonic wind 



2 


NACA RM L51A11 


tunnel with a test section designed to operate at Mach number 1.3 • The 
technique used was that described in reference 2, which presents the 
results of a similar series of tests on unswept cantilever wings, and 
involves changing the structural parameters of the wing to yield flutter 
at the operating Mach number. 

For the swept-wing tests reported herein, data on 21 models covering 
a sweep range from 30° to_ 6o° were obtained^ No att^pt is made to 
correlate the data with any analytical developments. For convenience 
in the presentation of . the results, howevef, reference values of flutter 
speed obtained with the use of two-dimensiopal incompressible-flaw theory 
have been calculated. The use of these calculated reference values helps 
to unify the presentation of the results. 


SYMBOLS 


c 

b 

I 


P 

t 


i/k 


X 


o 


^1 


■■a 


fe 


chord, inches, measured perpendicular to Tthe leading edge 

semi chord, feet, measured peip)endicular to the leading edge 

length of model, inches, measui^d parallel to the leading 
edge 

mass density of air in test section, slugs per cubic foot 

thickness, inches 

mass of wing, slugs per unit span 

mass -density ratio parameter (m/jtpb^) 

mass moment of inertia of wing about elastic axis, slugs- 
feet^ per unit span , — 

elastic axis position in percent of chord from leading edge 

wing center- of-gravity position in percent chord from 
leading edge 

nondimen sional radius of gyration of wing about elastic 



experimental flutter frequency, cycles per second 
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% 

fa 

A 

cu 








uncoupled first "bending frequency, cycles per second 
uncoupled first torsion frequency, cycles per second 
angle of sweep"back, degrees 

theoretical flutter frequency, radians per second 

2«fa 

2jtfe 

experimental flutter velocity in feet per second, measured 
perpendicular to leading edge 

reference flutter velocity in feet per second, measured 
perpendicular to leading edge, "based on incompressi"ble 
tvo -dimensional flow (reference 3) 


MODELS AND TEST METHODS 


The models that were used to obtain data for the present paper 
were made of sitka spruce and were similar in construction to some of 
the models used in the tests of reference 2. Some of the geometric, 
physical, and mechanical properties of the models are listed in table 1. 
The ranges of some of these properties are: sweep angles, 30° to 6o°; 

chord, measured perpendicular to the leading edge, 2 to 4.11 inchesj 
length, 6 to 15-4 inchesj mass density parameter, 37 to 2l6j center-of- 
gravity position, 25.8 to 58.2 percent chordj and elastic axis position, 
32.0 to t 4.4 percent chord. The elastic axis position as used herein 
was taken as the chordwise position measured perpendicular to the leading 
edge at the three-quarter span station at which a normal concentrated 
load produces no twist in a plane perpendicular to the leading edge of 
the wing at this station. 

Presented also in table 1 are" the tmcoupled first "bending mode 
frequencies and the uncoupled first torsional mo’del frequencies. The 
uncoupled first bending mode frequency is taken as the coupled first 
bending mode frequency which was obtained by flic"king the tip of the 
wing and recording the oscillations. The method used to evaluate 
approximately the uncoupled first torsional mode frequency is described 
in appendix A. 

The models were mounted as cantilevers and were tested at a Mach 
number of 1.3 in an Intermittent two-dimensional supersonic wind tunnel 
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having a 9*24- inch hy l 8 . 23-inch test section. The testing technique 
involved injecting the models into wnd retracting them from the tunnel 
vhile the flov vas steady at Mach number 1.3. This technique was used 
to avoid possible flutter that mi^t occur during the tunnel starting 
and stopping transients. It was, therefore, necessary to adjust the 
structural parameters of the models so that flutter would occur at the 
test Mach number 1.3 rather than to follow the usual procedure of deter- 
mining the flutter speed which is associated with a given combination 
of parameters. Thus, if the model did not flutter when it was injected 
into the air stream, changes were made in some of the model parameters 
and Injection was again made. This process was continued until the 
flutte'r border was foiind. On the other hand, if there was evidence of 
flutter while the model was being injected, the model was immediately 
retracted and the structiiral. panameters changed. This process was also 
repeated \mtll the flutter border was found. Some of the models, however, 
were tested in the transient speed range by leaving them in the tunnel 
while the tunnel velocity was increased slowly. A more detailed descrip- 
tion of the test methods and photographs of the apparatus can be found 
in reference 2. , 


Most of the parameter changes were brought about by changing the 
center-of-gravity position and the torsional stiffness. The center-of- 
gravity position was changed by taping strips of leadfoll to the leading 
or trailing edge of the model and the torsional stiffness was reduced by 
cutting uniformly spaced slits parallel to .the air stream. The addition 
of lead foil to the model altered the airfoil section' somewhat from tEe 
section shape listed in table 1. Reference 2 and other flutter tests, 
however, indicate that section shape may be of minor importance. 

The flutter frequency, position of the _model in the tvinnel, and the 
static pressure in the test section were recorded simultaneously by a 
recording oscillograph. 


RESJLTS AND DISCUSSION 


The experimental data on the 21 models tested are included in table 1. 
Also shown in this table are the values of, the reference flutter-speed 
coefficient (%/bo)Q^^ and the flutter-frequehcy ratio that were 

obtained from a swept-wing flutter analysis that is based on incompressible 
two-dimensional flow. This analysis (see reference 3) involved the use 
of a bending mode shape and. a torsional mode shape and used a damping 
coefficient of 0.03 for both bending and torsion. For convenience in^the 
presentation of the results, the ratio of the experimental flutter speed 
to this reference flutter speed was then found. This” velocity ratio Vg/y^ 

is plotted against the angle of sweepback in figrire 3^. In the inspection 
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of this figure it should he kept in mind that, because of the technique 
used, all the data are for a Mach number of 1.3. It should also be kept 
, in mind that the reference flutter speed is based on a first mode tor- 

sional frequency which is found approximately. The presentation of the 
results in the ratio form shown helps to indicate how well incompressible- 
flow theory applies at supersonic Mach number 1.3* The incompressible- 
two -dimensional- flow flutter analysis appears very conservative for the 
30 °, 35°^ an<i ^5° models and is in reasonable agreement for the 6o° models. 

A possible combined aspect ratio and sweepback effect was observed 
when some of the models were tested during the tunnel transient flow. 

Of the models so tested, the 6o° sweptback models with length-chord ratios 
greater than U fluttered only at the top Mach number of 1.3* The 6o° 
models with length-chord ratios less than fluttered during the starting 
transient (subsonic speeds) as well as exhibiting a flutter- border con- 
dition at the top Mach number of 1.3- The 30° to 45° sweptback models 
also exhibited a subsonic flutter as well as flutter at Mach number 1.3. 

Model number 15 presents an interesting case since it has a center- 
of -gravity position at 25.8 percent chord. This is usually adequate to 
prevent the flutter of unswept wings. However, with 60° sweepback this 
model fluttered. This result is consistent with incompressible-flow 
swept-wing flutter theory which shows that a center-of-gravlty location 
at 25 percent chord does not eliminate the possibility of flutter of 
• sweptback wings. 

The results presented herein on the flutter test of 21 models at 
«. Mach number 1.3 may be useful in evaluating future analytical develop- 

ments and also may be of direct use to designers. Caution should be 
observed in making use of the data for conditions which are not covered 
by these tests, particularly for wings having different mass-density 
parameter, aspect ratio, center-of-gravity location, and Mach number. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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APPENDIX A 


UNCOUPLED FIRST TORSION FRBQDENCY 


Figure 2 illustrates the technique used to determine the uncoupled 
first torsion firequency. A yoke with a large inertia ly is clamped 
near the wing tip and the uncoupled first torsion frequency fy of the 
wing-yoke combination is excited while the model is supported at the 
elastic axis. It is then assumed that the following equations taken 
from appendix II of reference k may be used to calculate the uncoupled 
first torsion frequency of the wing eilone. 


GJ - (2,fy)2ll^Iy I- 


. 1 1 ; GJ 

■ W Vvr 

where 

fy torsional frequency with yoke I" 

ly polar moment of inertia of yoke about its center_ of gravity 

Iw total polar moment of inertia of wing about the elastic axis 

(where the elastic axis is assumed straight and parallel to 
the leading edge) , 

For large angles of sweepback and low values gf l/c, the accuracy of 
the calculated, value of the uncoupled first torsion frequency f^_ is 
uncertain since the length is taken arbitrarily a^the length of 

the wing model center line measured from the yoke to the root. Strain 
gages at the root of each model were used in measuring the oscillations 
of the model. 
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